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METHOD AND APPARATUS FOR PROVIDING NON-INVASIVE 
ULTRASOUND HEATING OF THE PREOPTIC ANTERIOR HYPOTHALAMUS 

FIELD OF THE INVENTION 
5 The invention relates to a method and system for inducing mild hypothermia in a 

patient. More particularly, the invention relates to inducing mild hypothermia through 
non-invasive heating of the preoptic anterior hypothalamus (PO AH) in combination with 
cooling one or more portions of a patient's body. 

BACKGROUND OF THE INVENTION . 
Stroke is one of the leading causes of death in adults and also a major cause of 
neurological disability. Until recently, stroke has been viewed as an unbeatable event and 
all physicians could offer a stroke victim was rehabilitation to try to regain lost functions. 
In an effort to reduce the damage caused by strokes, a number of treatments have been 
proposed. In one .interventional approach, known as neuroprotectant therapy, the intent is 
to limit the amount of neurological damage that occurs after the initial event. 
Neuroprotectant approaches includes the administration of several pharmacological agents 
and a treatment known as mild hypothermia, or a lowering of core body temperature by 2- 
4 degrees Celsius. The induction of mild hypothermia has been shown to inhibit several 
points of the chemical cascade that cause secondary cellular death after an ischemic event 
and to provide broad neuroprotection. Neuroprotectant therapy has also been applied to 
inhibit the effects of cardiac arrest as well as head trauma. 
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One method of inducing mild hypothermia is through heating of the preoptic 
anterior hypothalamus (POAH) that is located in the lower portion of the brain adjacent to 
the skull. It is known that the POAH is the thermostat for sensing core body temperature 
and controlling thermoregulatory responses in animals. The cooling mechanisms elicited 
5 by the POAH include reduction of metabolic energy generation, vasodilatation enhancing 
skin cooling, and sweating. Full vasodilatation can increase the rate of heat transfer to the 
skin as much as eight fold. An additional one degree Celsius increase in body temperature 
can increase sweating enough to remove ten times the basal rate of heat protection. 

10 SUMMARY OF THE INVENTION 

In conjunction with the present invention, it has been recognized that ultrasound 
energy may be utilized to heat the POAH in order to induce mild hypothermia in a patient. 
For example, such ultrasound energy may be emitted through one or more transcranial 
windows in order to extracorporeally heat the POAH. Such transcranial windows may 

15 include thin portions of the skull as well as openings within the skull. As will be 
appreciated, by focusing ultrasound energy of a predetermined frequency range and 
magnitude (i.e., power) on the POAH, thermoregulatory responses (e.g., shivering and/or 
vasoconstriction) of the patient may be overcome thereby facilitating the use of external 
cooling to a reduce a patient's core body temperature. 

20 According to a first aspect of the present invention, a method for inducing mild 

hypothermia within a patient is provided wherein ultrasound heating of the POAH is 
combined with artificial cooling of a patient's body to enhance the rate at which such 
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hypothermia is induced. In this regard, the method includes positioning a source of 
ultrasound energy relative to a patient's skull and applying ultrasound energy to the POAH 
to affect thermoregulatory responses of the body. In conjunction with application of the 
ultrasound energy to the POAH, one or more portions of the patient's body is cooled using 
5 an artificial cooling means in order to remove body heat. The combination of POAH 
heating with artificial cooling allows a patient's core body temperature to be rapidly 
lowered. 

Artificial cooling may be performed externally to the body, internally to the body 
or utilizing a combination of external and internal methods. That is, artificial cooling may 

1 o be intracorporeal and/or extracorporeal. For example, intracorporeal cooling may include 
endovascular cooling and/or cooling of the peritoneum. In this regard, cold saline 
solutions may be introduced into the patient's veins and/or into the abdominal cavity of the 
patient. As will be appreciated, such intracorporeal cooling is typically an invasive 
procedure, which may not desirable in all instances. Accordingly, external cooling maybe 

15 performed instead of or in conjunction with such intracorporeal cooling. 

When artificial cooling is performed externally, a number of cooling 
methodologies may be utilized. For example, external surfaces of the body may be cooled 
through the application of cold packs, ice blankets, and/or blowing gases (e.g., air) across a 
patient's skin (e.g., in conjunction with wetting of the skin). One cooling method utilizes 

20 one or more cooling pads that allow a thermal transfer fluid to circulate relative to a 
patient's body in order to conductively and/or convectively remove heat therefrom. Such 
cooling pads may generally be referred to as contact cooling means. These pads may 
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further utilize fluid circulating pumps and/or temperature regulating systems (e.g., heat 
exchangers) for controllably adjusting the temperature of such fluid. Typically, fluids 
utilized with such pads will have a thermal coefficient that allows heat to be effectively 
transferred away from the patient. In this regard, liquids are generally utilized. 

5 The cooling pads may allow for direct fluid contact with a patient's skin. That is, 

these cooling pads may comprise a membrane that fits on/over a portion of the patient's 
body such that fluid may circulate in a space between the membrane and a patient's skin. 
In this regard, a combination of convective and conductive heat transfer maybe utilized to 
remove heat from the patient's skin. To prevent leakage from such membranes, fluids 

10 may be circulated under a negative pressure. In this regard, the negative pressure may 
allow the edges of the membrane to form a better seal with a patient's skin to prevent fluid 
leaks. Alternatively, such pads may be closed systems wherein one or more channels pass 
through the pad, that allow fluids to be circulated therethrough. In this regard, thermal 
energy may be exchanged with a patient through conductive contact with the pad. To 

15 enhance this conductive contact, the pad may be adhered directly to the patient's skin 
and/or utilize a gel, ointment or other medium to enhance heat transfer between the pad 
and the patient's skin. In one embodiment, the pad includes an adherent surface provided 
by a thermally conductive hydrogel layer juxtaposed to a fluid circulation layer. As with 
the membrane type cooling pads, fluids may be circulated through such closed system pads 

20 under negative pressure to provide enhanced circulation. When negative circulation 
pressures are utilized, the cooling pads (i.e., closed system and membrane type) may 
require internal structure(s) to maintain an adequate fluid flow path. 
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In one embodiment, that may be particularly apt for use with stroke patients, 
artificial cooling may be provided to a patient's head. This localized cooling allows a 
patient's brain tissue to be more effectively cooled in order to limit chemical cascades that 
can cause secondary cellular death after an ischemic event. As will be appreciated, heating 

5 of the PO AH will result in conductive heating of adj acent tissue. In this regard, localized 
cooling of the patient's head may reduce or eliminate temperature increases of the adjacent 
tissue. However, it will be appreciated that cooling pads may be located on other regions 
of the body as well (e.g., on the patient's back, chest, thigh, etc.). Likewise, a plurality of 
pads may be utilized to increase the rate of heat exchange (e.g., heat removal) with a 

10 patient's body. 

According to a second aspect of the present invention, ultrasound energy is utilized 
to non-invasively heat the PO AH in order to induce mild hypothermia in a patient. The 
method includes positioning a source of ultrasound energy relative to a patient's skull and 
focusing ultrasound energy on a tissue region therein. This tissue region will at least 

1 5 partially coincide with the PO AH. A predetermined amount of ultrasound energy may be 
applied to the tissue region to increase the temperature of the POAH. For example, 
sufficient ultrasound energy may be provided to raise the temperature of the POAH 
between about 0.5° Celsius and about 4° Celsius. The temperature increase may be 
monitored through secondary physiological responses (e.g., by monitoring core body 

20 temperature and/or skin conductivity). In any case, heating of the POAH will typically 
allow the patient's body to vasodilate and/or sweat, each of which act to lower the body 
temperature of the patient. 
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In one application, the entire POAH is heated (e.g., evenly heated) in order to 
better control the induction of hypothermia within a patient. In this regard, the ultrasound 
energy may be focused on a tissue region that substantially encompasses the POAH. 
However, this is not a requirement. What is important is that sufficient ultrasound energy 
5 is provided to a region within the skull to elevate the temperature of the POAH. In this 
regard, it is believed that applying ultrasound energy having a power in a range of between 
about 0.05 W and about 100 W is sufficient to controllably elevate the temperature of the 
POAH. More preferably, the power may be in a range of about 0. 1 W to about 1 0 W. To 
effectively heat a tissue region coinciding with the POAH, it is believed that an intensity 

10 of between about 2.0 W/cm 2 and about 100 W/cm 2 may be utilized. As will be 
appreciated, the intensity of the ultrasound energy may depend upon the source area of an 
ultrasound transducer, focusing system for the transducer, and/or the power of the 
ultrasound energy. Furthermore, the power of the ultrasound energy may depend on the 
frequency and/or pulse length of an ultrasound device supplying the energy. In this regard, 

1 5 the frequency of the ultrasound energy may be varied between about 0.5 MHz and about 
10 MHz while the pulse length may vary from a pico second (/is) range to continuous 
application. In any case, the frequency, source area and pulse length of an ultrasound 
source may each be selected to allow the resulting power and/or intensity of the ultrasound 
energy to be within the desired ranges. 

20 The ultrasound energy may originate from any source acceptable for heating 

purposes so long as that source maybe focused on a tissue region within a patient's skull. 
In this regard, the ability to focus ultrasound energy on a particular tissue region may 
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prevent undue heating of overlying tissue (i.e., brain tissue) in which a reduced 
temperature may be desired. That is, focusing the ultrasound energy on the POAH allows 
for raising the temperature of the POAH while the temperature of the remainder of the 
patient's brain tissue may reduced for therapeutic purposes. Sources of ultrasound that 

5 may be utilized include, without limitation, imaging/diagnostic, medical, therapeutic and 
surgical ultrasound systems. 

Ultrasound energy may be applied from any location that allows such energy to 
focus on the POAH. Furthermore, this energy may be applied in a non-invasive manner. 
For example, in one arrangement a source of ultrasound energy may be disposed externally 

10 relative to the patient's skull in order to heat the POAH. In this regard, the step of 
positioning may include positioning the source (e.g., a transducer) relative to one or more 
transcranial windows that allow ultrasound energy to be focused on the POAH. When 
positioned relative to such transcranial windows, a significant portion of ultrasound energy 
from a source is able to pass through the patient skull for POAH heating purposes. Such 

15 windows may include a transocipital window, a transtemporal window and a transorbital 
window. In another arrangement, an ultrasound transducer may be disposed within the 
patient body (e.g., within a nasal cavity) for heating purposes. 

In order to focus the source of ultrasound on the POAH, one or more diagnostic 
visualization procedures may be utilized. For example, ultrasound imaging may be 

20 performed to identify the POAH within the patient's skull such that an ultrasound source 
(e.g., transducer) that will be utilized to heat the POAH may be properly focused. 
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Alternatively, magnetic reasoning imaging (MRI) or x-ray may be utilized for POAH 
identification and transducer focusing. 

According to another aspect of the present invention, a system is provided for 
inducing mild hypothermia within a patient. The system includes a source of ultrasound 

5 energy operable to focus energy on a tissue region within a patient's skull that at least 
partially coincides with or encompasses the POAH. The system further includes at least 
one sensor positionable on the patient's body to provide feedback signals indicative of a 
patient's body temperature (e.g., a core body temperature sensor, or a skin conductivity 
sensor). A controller regulates the amount of energy applied to the POAH by the source in 

1 0 relation the feedback signals received from the sensor(s). The system may further include 
a body cooling system for artificially cooling one or more portions of a patient's body. 
The cooling system may also be operatively interconnected to the controller. In this 
regard, cooling provided by the cooling system may also be regulated in relation to a 
patient's body temperature. 

1 5 The cooling system may allow for internal and/or cooling to external portions of a 

patient's body. In one embodiment, a contact cooling means provides external cooling of 
the patient' s body. Such an external cooling means will typically include a cooling pad for 
contacting a patient's body, a thermal exchange fluid, a fluid reservoir, a temperature 
regulating system (e.g., a heat exchanger) for controllably adjusting the temperature of the 

20 fluid, and a pump for circulating fluid through the cooling pad. As will be appreciated, 
variations may exist in each of the above noted cooling system components. For example, 
the fluid may circulate in a system utilizing multiple reservoirs or utilizing no reservoir. 
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What is important is that one or more cooling pads is available for placement on a 
patient's tissue to enhance reduction of a patient's core body temperature. 

The sensors utilized with the system may be any sensor operable to provide 
feedback signals indicative of the patient's body temperature. Such sensors may include, 
5 without limitation, core body temperature sensors and/or skin conductivity sensors. In the 
case of a core body temperature sensor, such a sensor may be attachable to one of the 
tympanic membrane, the esophageal and the nasopharyngeal. 



10 BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 discloses a diagram for the heating system described herein. 

Figure 2 shows the location of the POAH within a patient skull. 

Figures 3a-3d show four embodiments of ultrasound transducer focusing systems. 

Figure 4 shows three transcranial windows that may be utilized with the system of 
15 Figure 1. 

Figure 5 shows a cooling cap for maintaining a transducer in contact with a 
patient's skull. 

Figure 6 shows an interior surface of the cap of Figure 5. 

Figure 7 shows a cooling pad that may be utilized with the system of Figure 1 . 
20 Figure 8 shows a cross-section view of the layers of the cooling pad of Figure 7. 

Figure 9 shows one embodiment of the fluid channels within the cooling pad of 
Figure 7. 
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Figure 10 shows a process flow chart of a heating process that may be performed 
by the system of Figure 1. 

DETAILED DESCRIPTION 
5 Disclosed in Figure 1 is a diagram for one embodiment of the POAH heating and 

body cooling system described herein. One application of the system is the heating of the 
preoptic anterior hypothalamus (POAH) through the exposure of the POAH to a source of 
ultrasound energy, which may be located extracorporeally to a patient's skull. In this 
regard, the POAH may be heated in a non-invasive procedure in order to induce mild 

10 hypothermia in a patient receiving such treatment. The PAOH heating system 5 includes 
an ultrasound module 18 that produces and analyzes electrical signals and an 
interconnected transducer device 20 for positioning relative to a patient's skull. The 
transducer device 20, which may include an array of transducers, converts the electrical 
signals from the ultrasound module 18 into ultrasound energy. The transducer device 20 

15 may also convert ultrasound echoes into electrical signals. In any case, the ultrasound 
energy may be focused on the POAH for heating purposes. The detailed configuration of 
the PAOH heating system 5 will be described in greater detail below. 

In connection with the ultrasound module 1 8 is a control module 12. The control 
module includes programming for directing the output of the ultrasound module in 

20 response to various external inputs. This control module 1 2 may comprise any number of 
electronic devices (such as a personal computer) that provide automatic monitoring and 
control functions. This control module 12 includes the necessary computational power to 
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measure incoming control signals and in response provide command signals for directing 
the operations of external components. 

In the PAOH heating system 5 disclosed in Figure 1 , feedback signals are provided 
to the control module 12 through a skin conductivity sensor 24 and/or a core body 
5 temperature sensor 22. The skin conductivity sensor 24 may include a number of 
electrodes that may be positioned on various locations of the skin. As the amount of liquid 
(such as sweat) accumulates on the skin surface, the conductivity of the skin will increase. 
Such conductivity sensors are well know and commercially available. 

Also connected to the control module 12 is the core body temperature sensor 22. 
10 This temperature sensor may be attached to a number of body parts that are known to 
provide an accurate indication of core body temperature. These locations may include the 
tympanic membrane, esophageal, or nasopharyngeal regions. The sensor generates an 
electric signal whose magnitude is indicative of the temperature measured. Such 
temperature sensors are known to one skilled in the art and are commercially available. 
15 Also attached to the control module 12 is a body cooling system 10. As will be 

described in greater detail below, the body cooling system 10 includes one or more 
external cooling/heating pad(s) 28 for application to a patient that is operative to cool/heat 
a patient via thermal exchange. This pad 28 is fluidly interconnected to a fluid pump 14, 
which circulates a temperature-regulated fluid through the pad 28. The fluid pump 14 is 
20 fluidly connected to a fluid reservoir 6 and a temperature regulation system or heat 
exchanger 8. As will be appreciated, incorporation of such pads 28 may increase the rate 
at which hypothermia may be induced in a patient or otherwise provide enhanced control 
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of the overall cooling/heating of a patient. In any case, the amount of cooling or heating 
provided by such pads 28 may be changed by varying the pressure, flow rate or the 
temperature of the fluid circulated by the fluid supply pump 14. For example, the control 
module 12 may be connected to an adjustable valve, which may be opened or closed 

5 depending on the desired flow rate of the fluid. Furthermore, the control module 12 may 
be interconnected to fluid temperature sensors (not shown) and or the heat exchanger 8 to 
monitor and/or regulate the body cooling system 10. 

The PAOH heating system 5 and body cooling system 10 (i.e., the system) 
disclosed in Figure 1 have a particular usefulness in providing a treatment for victims of 

10 strokes. It has been discovered that the effects of a stroke may be reduced if a mild 
hypothermia is induced in the victim of the stroke soon after the stroke has incurred. The 
induction of mild hypothermia has been shown to inhibit several points of the chemical 
cascade that causes secondary cellular death after an ischemic event and to provide broad 
neuroprotection. However, it will be noted that the system is not limited to treatment of 

1 5 stroke patients. In this regard, there is evidence that the effects of cardiac arrest as well as 
head trauma may also be tempered through induced hypothermia. Accordingly, the system 
disclosed herein may be applied to other medical conditions. 

As noted, one method of inducing mild hypothermia in a stroke patient is to 
provide localized heating of the POAH, which is a thermostat for sensing core body 

20 temperature and controlling thermal regulatory responses in mammals. The POAH 64 is 
located in the lower portion of the brain adjacent to the skull near the nasal cavities 62, 64. 
See Figure 2. Local increases in POAH temperature can cause decreases in metabolic 
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heat production (oxygen consumption), vasodilatation enhancing skin cooling, and 
sweating. Accordingly, varying the temperature of the POAH allows for varying the core 
body temperature of a patient. 

Employing the PAOH heating system 5 described herein, heating of the POAH is 
5 performed by directing ultrasound energy at the POAH. In order to achieve this heating, 
the transducer device 20 maybe positioned extracorporeal^ to a patient's skull and focus 
ultrasound energy (i.e., sound waves) toward or onto the POAH. In order to focus the 
transducer device 20 at the POAH, it may be necessary to utilize diagnostic ultrasound or 
other visualization methods (e.g., MRI) in conjunction with placement of the transducer 
1 o device 20 relative to the patient' s head. 

Ultrasound is a mechanical wave with a frequency above the audible range that 
propagates by the motion of particles so that a pressure wave travels along with a 
mechanical disturbance. The major advantage of using ultrasound for non-invasive tissue 
heating is that it penetrates tissue well and can be focused deep into a patient's body to 
15 heat a predetermined tissue region (e.g., the POAH). When focused, ultrasound energy 
emitted by a transducer device 20 (e.g., an ultrasound beam) passes through the patient's 
skin and tissue over a wide area at intensities that cause little or no heating to intervening 
tissue and then converge onto the region of focus. 

As the ultrasound beams propagate through tissue, part of the energy is absorbed 
20 and converted into thermal energy. Typically, the temperature elevation of the tissue 
caused by the energy absorption is inversely proportional to the ultrasound beam area. 
However, the greatest temperature elevation is induced at the region of focus, where it can 
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be several orders of magnitude greater than in the overlying tissue. This allows tissue at 
the region of focus to be selectively heated while minimally elevating the temperature in 
surrounding tissue (e.g., less than 1 ° C). As will be appreciated, this allows for heating of 
the POAH without substantially heating the overlying tissue. 

5 Typical ultrasound transducer devices produce a beam or sound wave that can be 

aimed in a specific direction. These sound waves typically obey the laws of geometric 
optics with regard to reflection, transmission, and refraction and are propagated at a speed 
of approximately 1,540 meters per second in soft tissue. Portions of such sound waves 
reflected back to the transducer may be received and displayed on an oscilloscope screen 

10 or video monitor. Typically, these transducer devices 20 include a plurality of sound 
generating elements (e.g. several hundred piezo-electric crystals) for controllably 
generating ultrasound beams. In this regard, multiple sound generating elements may be 
arranged to focus multiple ultrasound beams in rapid succession on a common region 
within a patient's body. 

15 The transducer device 20 of the present embodiment may utilize self-focusing 

radiators, lenses, reflectors as well as electrically focusing phased arrays to produce a 
focused ultrasound beam. In any case, the transducer device 20 provides a plurality of 
ultrasound beams that may each propagate through an individual tissue path to the region 
of focus. These ultrasound beams will converge in the region of focus, thereby heating the 

20 region of focus. As will be appreciated, the region of focus may range in size from a small 
focal point to a region about the size of an almond. 

Figures 3a - 3d show four transducer devices 20 that may be utilized to focus 
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ultrasound beams within a patient's body. Figure 3a shows a spherical transducer, which 
is commonly used in medical ultrasound applications, Figure 3b shows a lens transducer, 
and Figure 3c shows a reflective transducer. These transducers variously focus ultrasound 
beams by interposing a lens or reflector between a flat electric plate containing a plurality 

5 of sound generating elements and a target (e.g., region of focus), or, in the case of the 
spherical transducer, by curving the electric plate. Figure 3d illustrates an electrical 
focusing transducer that utilizes a phased array of sound generating elements and 
coordinated control signals to focus multiple ultrasound beams on a desired region. 
Electrical focusing allows such transducer devices to simultaneously generate multiple 

1 0 focus spots and may provide for improved control of a resulting ultrasound beam. In this 
regard, an enhanced region within a patient's tissue may be heated or a region may be 
more evenly heated. 

The transducer device 20, in addition to utilizing any of a variety of focusing 
systems may also be formed in different shapes and sizes for use in different ultrasound 

15 applications. For example, obstetrics scanning transducer devices (i.e. probes) typically 
resemble a curved soap bar (i.e. a convex array transducer). For other applications, 
transducer devices may have relatively flat surfaces (i.e., a linear-array transducers). 
Furthermore, such ultrasound transducer devices may be long and slender to fit within a 
patient's body for internal ultrasound applications (e.g., vaginal scans). In this regard, the 

20 transducer device 20 utilized with the current P AOH heating system 5 may be formed in a 
manner for conformal positioning relative to the patient's skull, or, for insertion within a 
nasal/sinus cavity and/or mouth of the patient. Furthermore, the transducer device 20 may 
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be readily removable from the ultrasound module 1 8 such that a plurality of differently 

shaped transducer devices 20 may be utilized. 

Irrespective of the exact transducer device 20 utilized, ultrasound energy is 

delivered to at least a portion of the POAH, which may then spread by thermal conduction, 
5 so that heating of the entire POAH may occur. Preferably, the entire POAH is evenly 

heated. As will be appreciated, focused ultrasound allows for non-invasive and 

controllable heating of the POAH to induce mild hypothermia into a non-sedated patient. 

However, one drawback of using ultrasound is that bone and gas (e.g., air) interfere with 

ultrasound beam propagation. Accordingly, heating of the PAOH within the skull can be 
10 problematic. 

As a patient's skull will reflect a portion of emitted ultrasound energy, the type 
and/or positioning of the transducer device 20 must be selected to account for such losses. 
In this regard, ultrasound may be focused through one or more "transcranial windows" to 
focus on a tissue region within the skull. Such transcranial windows allow for a sufficient 

1 5 amount of emitted ultrasound energy to be transmitted to the POAH in order to elevate the 
temperature of the POAH. Transcranial windows may include regions of temporal 
calvarial thinning within the skull, the orbits of the eye, and the foramen magnum. As 
shown in Figure 4, a first transcranial window, the transocipital window (a) provides 
access from the back of the skull; the transtemporal window (b) allows for access from the 

20 side of the skull; and the transorbital window (c) allows access from the front of the skull. 

Various forms of medical ultrasound exist for various medical procedures. 
Different forms of medical ultrasound may be broadly categorized as diagnostic 
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ultrasound, physiotherapy ultrasound, and surgical ultrasound. Diagnostic ultrasound 
(e.g., TCD) is used primarily for imaging purposes. Physiotherapy ultrasound is often 
utilized for relieving pain, accelerating wound healing, and reducing swelling. Surgical 
ultrasound is typically utilized for destruction of patient tissue (e.g. cauterization of 

5 tumors). The frequency ranges, power, intensity and pulse length settings generally 
associated with physiotherapy ultrasound are utilized with the current PAOH heating 
system 5. However, it will be appreciated that depending on the settings utilized, 
diagnostic and/or surgical ultrasound devices may also be utilized. In this regard, it is 
believed that the full medical ultrasound frequency range and power levels may be utilized 

1 0 with the present system 5 . In any case, the settings of the transducer device 20 may be set 
at a first predetermined level for initial POAH heating and those settings (e.g., power, 
intensity, pulse length and/or frequency) may be subsequently increased or decreased 
depending on body temperature feedback, as will be discussed herein. 

In order to heat the POAH, the transducer device 20 is semi-permanently affixed to 

15 the patient's skull using an adhesive and/or headband to maintain proper focus on the 
POAH. In one embodiment, the transducer device 20 is incorporated into a flexible cap 60 
that may be fitted to a patient's head (see Figure 5). As shown, the cap 60 has first and 
second temporal ports 70 for receiving first and second transducer devices 20. In this 
regard, it will be noted that the PAOH heating system 5 may utilize multiple transducer 

20 devices 20 for focusing ultrasound on the POAH from different perspectives. That is, 
beams from separate transducer devices 20 may bisect or triangulate at the POAH for 
heating purposes. As shown in Figure 4, the cap 60 is formed from a flexible membrane 
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covering that allows for circulating liquid (e.g., water) over a patient's head. In this regard, 
the cap 60 also forms a cooling/heating pad 28 for the body cooling system 5. Such a 
device is disclosed in U.S. Patent No. 6,461,379, entitled "Localized Bodily 
Cooling/Heating Apparatus and Method," the content of which is incorporated herein as if 

5 set forth in full. 

The cap 60 allows a liquid to circulate in a space between the patient's head and an 
inside surface of the cap 60. In particular, the liquid is circulated between at least two fluid 
ports 61 (e.g., an inlet port and an outlet port) that are each connected to a conduit 62, 
which may be interconnected to the fluid pump 14. The cap 60 allows liquid to be in 

10 direct contact with the patient's head for increased thermal transfer. To prevent liquid 
from leaking out of underneath the cap 60, the liquid may be circulated through the cap 60 
under negative pressure. That is, the fluid pump 14 may draw liquid through the cap 60 as 
opposed to pushing liquid through the cap 60. 

Referring now to Figure 6, a portion of the interior surface of the cap 60 is shown. 

15 To prevent the cap 60 from collapsing during application of negative fluid pressures, the 
cap 60 includes a spacing structure, which in this embodiment, is comprised of a plurality 
of ribs 76 and dimples 80. The ribs 76 project from the interior of the flexible membrane 
of the cap 60 to provide a space or void between the interior of the flexible membrane and 
the tissue region of interest (e.g., the patient's head) to allow space for the thermal 

20 exchange liquid to flow between the various fluid ports 6 1 . The number of ribs 76 used is 
unimportant, as long as the ribs 76 maintain at least a portion of the interior of the flexible 
membrane in a spaced relation with the tissue region of interest. As shown, the plurality 
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of ribs 76, the interior of the flexible membrane, and the tissue region of interest will 
define a plurality of tortuous fluid flow paths 72 between the fluid ports 6 1 . In this regard, 
the fluid flow paths 72 may be of generally equal length in order to assure consistent fluid 
velocity across the entire surface of the tissue region of interest. Additionally, the fluid 

5 flow paths 72 inhibit the formation of boundary layers of stationary thermal exchange fluid 
that may reduce the overall efficiency of the cap 60. 

In addition to the ribs 76, a plurality of dimples 80 projects from the interior of the 
flexible membrane. As shown, the dimples 80 are uniformly arrayed in rows and columns 
on the interior surface of the flexible membrane and define a plurality of interconnecting 

10 spaces 82 therebetween. The ribs 76 serpentine across the interior 30 of the flexible 
membrane 28 and overlap the dimples 80 on occasion. In this illustrated embodiment, the 
dimples 80 are fashioned in the form of a cylinder, but it will be appreciated that dimples 
80 of other than cylindrical shapes may be used. Also, the dimples 80 need not be arrayed 
in rows and columns. In any case, the interconnecting spaces 82 generally allow water or 

1 5 other thermal exchange liquid to flow therethrough, and further define a tortuous flow path 
within the fluid flow path 72, which further inhibits the formation of boundary layers. 
Finally, it will be noted that the cap 60 includes a sealable edge 44 that, under a negative 
pressure, may conform to a patient's tissue confining liquid within the space beneath the 
flexible membrane. 

20 Use of a circulating liquid between the transducer device(s) 20 and the patient's 

skin also allows for enhanced ultrasound coupling. That is, the liquid beneath the cap 60 
may form an acoustic coupler, which eliminates air pockets between the transducer device 
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20 and the patient's skin. However, it will be appreciated, that other acoustic couplers 
may also be utilized including, without limitation, water based gels, starch,vegetable oils 
and mineral oils. Furthermore, such acoustic couplers may be utilized with or without the 
cap 60 shown in Figure 5. 
5 In addition to, or in place of the cooling cap 60, the present invention may further 

utilize other cooling/heating pads, which are operative to cool/heat other portions of a 
patient's body for temperature regulation purposes. That is, one or more cooling/heating 
pads 28 may be interconnected to the fluid pump 14 and placed in contact with a patient's 
body to exchange thermal energy. For example, Figures 7-9 illustrate a coolant pad 28 
10 that is adapted to fit on a patient's back. As shown in Figure 7, the coolant pad 28 
comprises two matching pads 1 00a and 1 00b formed into a jacket that may be applied to a 
patient's torso. Referring now to the schematic illustration of Figure 8, another 
embodiment of a body cooling system 1 0 utilizing the back pads 1 00a and 1 00b is shown. 
The illustrated back pads 1 00a and 1 00b each include fluid containing layers 1 20 through 
15 which fluid may be circulated during use. That is, fluid may be circulated through fluid 
ports 122, 124 of the fluid containing layers 120, respectively by the interconnectable fluid 
pump 14. In the arrangement shown the pump 1 4 draws fluid through the back pads 1 00a 
and 100b under negative pressure (e.g. less than about -lOpsi). This fluid then passes 
though at least one heat exchanger 8 to heat and/or cool the fluid, and a fluid reservoir 6. 
20 In addition to a fluid-containing layer 120, the back pads 100 may each further 

include a conformable, thermally conductive layer 1 60 for contacting the skin of a patient. 
In this regard, the conformable layer 160 may provide an adhesive surface 162 for 
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enhancing the pad-to-skin interface. Preferably, the adhesive surface 162 extends across a 
major portion (e.g. substantially all) of the pads 1 00a, 1 00b. A release liner 1 70 may also 
be provided on the adhesive surface 162 for removal prior to use. 

Each of the fluid containing layers 120 may comprise opposing first and second 

5 layers 1 26, 1 28, respectively, with a number of fluid channels defined by a plurality of rib 
members therewithin. As shown by Figure 9, the fluid containing layer 120 may include 
rib members that define a first plurality of adjacent fluid channels 130 and a second 
plurality of adjacent fluid channels 140 extending between the fluid ports 122, 124 of the 
pads 100. As may be appreciated, fluid may be circulated from port 122 to port 124, or 

10 alternately from port 124 to port 122. 

In the illustrated embodiments, the first plurality of channels 130 are of 
coincidental, serpentine configuration. More particularly, each of the channels comprising 
the first plurality of channels 1 30 is of an S-shaped configuration. Further, such channels 
130 may be of a substantially common length. These channels 130 may also have a 

1 5 substantially common average width. 

The second plurality of channels 140 is also disposed in a coincidental manner. As 
illustrated, a major portion of each of the channels comprising the second plurality of 
channels 140 follows a substantially linear path. Further, it should be noted that channels 
140 may be of a substantially common length, and width. 

20 Fluid staging chambers 152 and 154 are provided at the fluid ports 122 and 154, 

respectively. Such staging chambers serve to distribute fluid and normalize fluid flow 
through the first plurality of channels 130 and second plurality of channels 140. 
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It will be appreciated that the internal structure of the back pads 100a and 100b 
may be varied. For example, each pad may have only a single set of channels and/or 
utilize a matrix of dimples (e.g., see Figure 6) to prevent the channels from collapsing 
under negative pressure. Furthermore, external pads designed for use on other portions of 

5 the body may be utilized as well (e.g., on the thigh, arms and/or neck). In any case, use of 
external cooling pads 28 may be synchronized with ultrasound heating of the PAOH to 
increase the rate of core body temperature reduction. Likewise, such pads 28 may be 
utilized to provide heat in order to raise a patient's core body temperature (e.g., after 
maintaining mild hypothermia for a predetermined period). Such cooling/heating pads are 

10 disclosed in U.S. Patent No. 6,375,674, entitled "Cooling/Heating Pad and System", the 
contents of which are incorporated herein as if set forth in full. 

Figure 10 shows a process flowchart of an exemplary process 200 that may be 
performed by the PAOH heating system 5 described above. In operation, prior to the 
emission of any ultrasound energy to heat the POAH, the temperature sensor(s) is 

15 positioned (210) on the patient. For example, a skin conductivity sensor 24 may be 
attached to any exterior skin surface of the patient, however to provide an optimal reading, 
the electrodes may be positioned somewhere about the head region. A core body 
temperature sensor 22 may be placed on any bodily region that would provide an accurate 
indication of the core body temperature. These portions of the body include the tympanic 

20 membrane, esophageal or the nasopharyngeal. 

At this point, the transducer device 20 may be attached (220) to the patient's body. 
In positioning the transducer device 20 it is desirable to find a location that provides ready 
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access to the POAH while minimizing the amount of intervening bone tissue. In this 
regard, the step of attaching (220) may further include selecting (222) an appropriate 
transcranial window. Once the transducer device 20 is positioned relative to a selected 
transcranial window, the transducer device 20 may be focused (230) on the POAH. 

5 One initial procedure for focusing (230) ultrasound energy to the POAH, includes 

locating an optimal position for the transducer device 20. This may be done by a clinician 
through use of the skin conductivity sensor. While locating this optimal position, a low 
power ultrasound signal may be emitted from the transducer device 20. The clinician then 
moves the transducer device 20 to different orientations relative to the selected transcranial 

1 0 window. Based on the heating provided, the POAH will initiate thermoregulatory cooling 
processes that include sweating. The skin conductivity will change as a result of the 
hypothalamus sensing a minor, 0,25-0.5° Celsius increase in core temperature and initiate 
sweating as a primary response to the sensed core temperature rise. The optimal position 
for the transducer device 20 corresponds with the maximum conductivity detected by the 

15 sensors. 

Once the transducer device 20 has been optimally focused (230), the energy 
provided to the transducer device 20 may be increased (240) to a first predetermined 
setting to affect a desired increase in POAH temperature (e.g., 0.5-4° Celsius). The body's 
natural reaction to the POAH warming will be to reduce metabolic heat generation, 
20 vasodilatate, and generate sweat. At this time, the core body temperature will begin to 
drop. 
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Prior to the emission of ultrasound energy or simultaneously therewith, a body 
cooling system 10 may be activated (250). The body cooling system 10, through the 
circulation of a thermal exchange liquid through one or more coolant pads 28, may provide 
external cooling to contacted bodily tissues of the patient. The cooling applied to the 

5 tissue by the body cooling system 10 may be based on the temperature of the thermal 
exchange liquid, the rate of circulation, and/or a current core body temperature. 

The drop in core temperature will be monitored (260) by the core temperature 
sensors and temperature signals will be fed back to the control module 12. The body's 
cooling process will also act to cool the POAH. As the core temperature sensor 22 feeds 

1 o back a signal to the control module 1 2 that the temperature has dropped, the energy to the 
transducer device 20 and/or the body cooling system 10 may be adjusted (270) 
proportionately, to maintain the POAH temperature above the physiologic set point. The 
absolute temperature of the POAH may not rise (due to the body's cooling effects being 
offset by the increased application of ultrasound) but the differential temperature between 

15 the POAH and surrounding tissue would increase. One advantage of the PAOH heating 
system described herein is that through use of the cooling apparatus, heating the POAH 
may be achieved with little or no heating of the tissues that surround the POAH. That is, 
the focused ultrasound energy results in a net rise in temperature within an isolated region 
(i.e., POAH) deep within the brain tissue while allowing the global temperature of the 

20 brain to be reduced. 

Once the desired temperature decrease has been achieved for the desired period of 
time, the energy provided to the transducer device 20 may then be decreased (280) at a 
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selected rate to achieve a controlled increase in core temperature back to normal body 
temperature. Once the rise in temperature is complete, the transducer device 20 and 
sensors may be removed from the patient. 

The foregoing description of the present invention has been presented for purposes 
5 of illustration and description. Furthermore, the description is not intended to limit the 
invention to the form disclosed herein. It is intended that the appended claims be construed 
to include alternative embodiments to the extent permitted by the prior art. 
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